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(57) A catheter and/or balloon for a medical catheter 
is formed from a blend of polymeric components, includ- 
ing a first crystalline polymeric component and a second 
softening polymeric component. The polymeric material 
also can include a third compatibilizing agent to facilitate 
blending the first two polymeric components together. 
The first polymeric component can be a polyester or a 
polyamide, and the second polymeric component can 
be a polyolefin, or an ethylene copolymer. The third pol- 
ymeric component preferably is an ethylene copolymer 
containing reactive group that forms a covalent bond 
with the first polymeric component. The polymeric ma- 



terial forming the balloon or catheter also can include a 
catalyst to catalyze a reaction between the compatibi- 
lizing ethylene copolymer and the second polymer com- 
ponent. The second, softening polymeric component al- 
so can include a silane coupling agent, to provide a re- 
active softening copolymer that bonds with the first 
strong polymeric component, to provide increased flex- 
ibility of catheters and balloons formed from the poly- 
meric components. The Properties of the balloon and 
catheter formed from the polymeric material can be en- 
hanced by cross-linking by irradiation of the polymeric 
material. 
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Description 

BACKGROUND OF THE INVENTION 
s Field of the Invention 

This invention relates generally to balloons for medical catheters and, more particularly, to new and improved 
medical balloon dilatation catheters, and medical devices such as catheters and dilatation balloons formed from an 
improved composition of polymeric materials, whereby the medical balloon dilatation catheters, catheters, and dilatation 
10 balloons are provided with improved performance characteristics. 

Description of Related Art 

Catheters are well known for their usefulness in medical applications and in particular angioplasty procedures, for 

is opening blood vessels or other passageways in the body that may be blocked by obstructions or stenosis. Dilatation 
catheters generaity are formed from thin, flexible tubing having an inflatable balloon at or near a distal tip of the tubing 
that can be inflated with fluid pressure communicated to the balloon through a lumen of the tubing. In a typical angi- 
oplasty procedure, the balloon dilatation catheter is passed through the vasculature to the location of a stenosis in an 
artery, and the balloon is inflated to a predetermined size and shape to open the blocked artery 

2Q It is desirable for balloons of balloon dilatation catheters to be capable of inflating to a diameter of typically two to 
four times their uninflated diameter in order to be able to open an obstructed vessel. Other desirable properties of 
balloons for such balloon dilatation catheters include strength, softness, flexibility and a thin, low profile which are 
important for achieving the performance characteristics of folding in an uninflated state, tracking, cross ing and recross- 
ing the area of the obstruction or stenosis in a vessel in an uninflated state. In addition, properties of burst strength, 

25 compliance, and fatigue have been increasingly important in the continuing effort to create thinner, lower prof jle balloons 
for balloon dilatation catheters with an ability to track, cross and recross increasingly narrow passages in obstructed 
vessels. For purposes of this description, the ability to cross is defined as the ability of a balloon of a balloon dilatation 
catheter to pass through a stenosis; the ability to recross is defined as the ability of the balloon of a balloon dilatation 
catheter to pass through a stenosis more than once, or to pass through more than one stenosis; and the ability to track 

so is defined as the ability of balloon of a balloon dilatation catheter to pass over a guidewire through the tortuous curves 
of the vasculature, in being guided to and from the location of a stenosis. 

Polymeric materials that have been used for making medical devices, catheters, dilatation catheters, and balloons 
for balloon dilatation catheters include polyethylene, polyolefins, polyvinyl chloride, polyester, polyamide, polyethylene 
terephthalate (PET), polyamides, nylon, polyurethane, and the like. Balloons made of soft polyolefin or ethylene co- 

35 polymers materials are typically foldable, and track and cross well, so that they can often be used more than once, 
and can be used to cross multiple lesions. However, such balloons also commonly have high balloon compliance and 
low burst strengths, with ratings of rated burst pressure of about 0.8 to 0.9 bars (8 to 9 atm), and a mean burst pressure 
of about 1 .01 to 1 .52 bars (10 to 1 5 atm). Balloons made from polyethylene terephthalate (PET) are commonly stronger, 
with a higher rated burst pressure of about 1.42 to 1 .83 bars (14 to 18 atm), and a mean burst pressure of about 1 .83 

40 to 2.54 bars (18 to 25 atm). However, dilatation catheter balloons made of PET are generally stiff, not readily foldable 
and refoldable, and are susceptible to acquiring defects from mechanical handling. 

Examples of prior art compositions that may be suitable in forming medical devices such as catheters, dilatation 
catheters, and balloon materials for use in angioplasty procedures include U.S. Patent No. 4,753,980 (Deyrup); U.S. 
Patent No. 4,172,859 (Epstein); U.S. Patent No. 5,091,478 (Saltman) ; U.S. Patent No. 5,306,246 {Sahatjian et al.); 

45 U.S. Patent No. 4,254,774 (Boretos); U.S. Patent No. 4,964,409 (Tremulis); and U.S. Patent No. 5,017,325 (Jackowski 
et al.). These references are presented by way of example only and are not intended to be exhaustive of the prior art. 

It would be desirable to provide a polymeric blend for balloons for balloon dilatation catheters with a combination 
of the best features of the softer balloon materials and the stronger balloon materials, including good flexibility, folding, 
track, cross and recross, with a thin, low profile, high resistance to fatigue, low compliance, and high burst strength, 

so with a lower susceptibility to defects through mechanical handling, compared with balloons made from PET. 

SUMMARY OF THE INVENTION 

Preferred embodiments of the present invention provide a new and improved catheter and/or balloon formed from 
55 a blend of polymeric components that has enhanced rated and mean burst pressure characteristics, low compliance 
and excellent fatigue resistance, along with excellent folding and performance characteristics, such as track, cross 
and recross, allowing for construction of dilatation catheter balloons with the ability to cross multiple lesions. 

Accordingly, by way of example and not necessarily by way of limitation, one embodiment provides for a catheter 
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and/or balloon formed from a blend composition of a first crystalline polymeric component and a second softening 
polymeric component. When the first and second polymeric components are essentially incompatible in that they are 
immiscible, and do not normally bond together well, a third polymeric component, a compatibilizing agent, can be 
included in the balloon material to strengthen the interface between the two incompatible materials and to facilitate 
5 blending of the first two polymeric components. A fourth component, a catalyst, also optionally can be included in the 
blend composition to catalyze a reaction between the compatibilizing agent and the second, softening polymeric com- 
ponent. 

The first polymeric component can consist generally of about 6.0 to 95 percent by weight of the total blend com- 
position, and can comprise one or more polyester or polyamide polymers. In a presently preferred embodiment, the 

10 polyester polymer can be selected from polyesters prepared from the group of dicarboxylic acids selected from aromatic 
dicarboxylic acids having from 8 to 14 carbon atoms and aliphatic dicarboxylic acids having from 2 to 1 2 carbon atoms, 
and at least one glycol selected from the group consisting of glycols having the formula HO(CH 2 ) n OH, where n is an 
integer from 2 to 10, neopentyl glycol and cyclohexane dimethanol. In an alternative embodiment, the first polymeric 
component can be one or more polyamides selected from branched or straight chain poiyamides having a molecular 

is weight of at least about 5000. 

The second polymeric component generally has a Shore hardness less than 75 D, preferably less than 55 D, can 
consist of 0 to about 40 percent by weight of the total blend composition, and can be one or more polymers selected 
from the group consisting of ethylene copolymers and polyolefins, the polyolefins having a density less than 0.93. 
The third polymeric component generally can consist of from 0 to about 40 percent by weight, and more preferably 

20 about 1 to 20 percent by weight, of the total balloon material blend, of a compatibilizing ethylene copolymer that can 
have the formula E/X/Y or E/Y, where E is ethylene. Most preferably, the third polymeric component consists of about 
4 to 15 percent by weight of the total balloon material blend. X can consist of from 0 to about 40 percent by weight of 
the third polymeric component, and more preferably from 0 to about 10 percent by weight. X, ff present, can be an a, 
p-ethylenically unsaturated monomer derived from at least one of vinyl acetate, alkylacrylate, alkylmethacrylate, alkyl 

25 vinyl ether, carbon dioxide, sulfur dioxide, or mixtures thereof, where the alkyl groups contain 1 to 12 carbon atoms; 
and Y is an a,f>-ethylenically unsaturated monomer containing a reactive group that will form a covalent bond with the 
first polymeric component. 

In a presently preferred embodiment, the first polymeric component comprises about 60 to 79 percent of the total 
blend composition, and can be selected from the group consisting of polyethylene-terephthalate, potybutylene-tereph- 

30 thalate, glycol modified polyethylene-terephthalate, 1,4-cyclohexylene dimethylene terephthalate/isophthalate copol- 
ymer, linear homopolymer esters derived from aromatic dicarboxylic acids and glycols of the general formula HO 
(CH 2 ) n OH where n is an integer from 2 to 10, and combinations thereof. In a presently preferred embodiment, the 
second polymeric component is a softening ethylene copolymer comprising about 10 to 40 percent by weight of the 
total blend composition, and contains ethylene and at least one other monomer selected from the group consisting of 

35 a,f3-ethytenically unsaturated monomers, carbon monoxide, and sulfur dioxide. 

In a presently preferred embodiment, in the third polymeric component, the compatibilizing agent, X, if present, 
can be selected from the group consisting of vinyl acetate, methylacrylate, ethylacrylate, butylacrylate, and methyl 
vinyl ether, and Y can be an a,p-ethylenically unsaturated monomer containing a reactive group selected from the 
group consisting of epoxide, anhydride, isocyanate, or oxazoline. In one presently preferred embodiment, Y is selected 

40 from the group consisting of glycidyt acrylate, glycidyl methacrylate, and other epoxide containing copolymerizable 
monomers. 

In one preferred embodiment, the softening ethylene copolymer can comprise one or more polymeric compounds 
having the formula EX or ETY', where E' is ethylene, and is about 60 to 90 percent by weight of the ethylene copolymer, 
and where X* is about 1 0 to 40 percent by weight of the ethylene copolymer, and X 1 is selected from the group consisting 
45 of methylacrylate, ethylacrylate, propylacrylate, butylacrylate, and mixtures thereof, and Y', if present, is an a.p-ethyl- 
enicatly unsaturated monocarboxylic acid, dt-acid or anhydride comprising 0 to about 15 percent, and most preferably 
about 1 to 5 percent, by weight of the ethylene copolymer. Examples of Y' include but are not limited to acrylic acid, 
methacrylic acid, fumaric acid and maleic anhydride. Where one of the X* or Y* monomers is an acid-containing moiety, 
the polymer can also be at least partially neutralized with an ion selected from the group of sodium, potassium, zinc, 
so lithium, calcium, magnesium, and ammonium. 

In a currently preferred embodiment, the third polymeric component, the compatibilizing agent, comprises an eth- 
ylene copolymer in which E is ethylene, and comprises about 55 to 96 percent by weight, and most preferably about 
92 to 96 percent by weight, of the compatibilizing agent; X, if present, is 0 to about 40 percent by weight, and most 
preferably 0 to about 10 percent by weight of the compatibilizing agent and can be selected from the group of methy- 
ls lacrylate, ethylacrylate, and butylacrylate; and Y can be selected from the group consisting of glycidyl acrylate and 
glycidyl methacrylate, and comprises about 0.5 to 10 percent by weight, and most preferably about 4 to 8 percent of 
the compatibilizing agent. 

In a currently preferred embodiment, a fourth component, a polymeric catalyst component, also optionally can be 
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included in the blend composition to catalyze a reaction between the compatibilizing agent and the second, softening 
polymeric component. In one currently preferred embodiment, the fourth component can comprise an aliphatic tertiary 
amine. 

In another presently preferred aspect of the catheters and balloons, and the method of making the catheters and 
s balloons, the catheter tubing material employed in making the balloons and catheters can advantageously be irradiated 
using ionizing radiation to provide improved balloon performance such as higher burst pressures. 

In an alternate embodiment, the second, softening polymeric component can be modified with a silane coupling 
agent, such as vinyl silanes containing epoxide groups, to provide a reactive softening copolymer that will bond with 
the first strong polymeric component when they are blended together, and to allow reduction or elimination of the third, 
10 compatibilizing polymeric component, to provide increased flexibility of catheters and balloons formed from the poly- 
meric components. 

These and other aspects and advantages of the invention will become apparent from the following detailed de- 
scription, and the accompanying drawings, which illustrate by way of example the features of the invention. 

is BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates an apparatus for performing an exemplary method of forming a dilatation catheter balloon in 
accordance with an embodiment of the present invention; and 

20 Fig. 2 is a chart illustrating the enhancement of balloon rupture pressure properties by irradiation with electron 

beam radiation, where the y-axis of the chart is the mean balloon rupture pressure in bars (atmospheres) and the 
diamonds indicate asample that has not been irradiated and the squares indicate a sample that has been irradiated. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 

The present invention relates to catheters and balloons for medical catheters formed from a polymer blend having 
certain characteristics generally desirable in medical devices. The polymer blend described herein is particularly suit- 
able for use in forming medical products such as catheters, dilatation catheters, and preferably balloons for use with 
catheters. 

30 While dilatation catheter balloons made of soft potyolefin or ethylene copolymer materials have generally good 
performance characteristics, such balloons also commonly have high balloon compliance and low burst strengths. 
Dilatation catheter balloons made from strong polymeric materials such as polyethylene terephthalate (PET) have 
higher rated and mean burst pressures, but are generally stiff, not readily fotdable and refoldable, and are susceptible 
to acquiring defects from mechanical handling. While the embodiments discussed herein refer generally to balloons 

35 made from polymeric materials, it is to be understood that the invention relates to catheters as well, formed from the 
polymer blends as described. 

The invention accordingly is embodied in a balloon for balloon dilatation catheters with a combination of the best 
features of the stronger balloon materials and the softer balloon materials. These include high burst strength and low 
compliance from the stronger balloon materials, and good flexibility, high resistance to fatigue, the ability to fold, track, 

40 cross and recross well, and with a lower susceptibility to defects through mechanical handling, compared with balloons 
made from PET The balloon material is formed from a blend of polymeric components, comprising a strong polymeric 
component, a softening polymeric component that are generally incompatible, a compatibilizing polymeric component 
that forms a covalent bond with one or both of the first two polymeric components, and prevents the first two polymeric 
components from separating when formed as a balloon for a balloon dilatation catheter, and optionally a catalyst com- 

45 ponent to catalyze bonding between the compatibilizing polymeric component and the softening component. 

The first polymeric component, component A, is preferably a relatively strong crystalline polymer, preferably com- 
prising about 60 to 79 percent of the total blend composition, although blend compositions of the invention comprising 
as little as 60 percent or as much as 95 percent of the total blend composition also may be suitable. In one currently 
preferred embodiment, component A comprises PET, but also can comprise other polyesters, or polyamides. One or 

so more other polyesters also can be used as component A, such as polyesters prepared from an aromatic dicarboxylic 
acid having from 8 to 14 carbon atoms and at least one glycol, including those having the formula HO(CH 2 ) n OH where 
n is an integer of 2 to 1 0, neopentyl glycol and cyclohexane dimethanol. The dicarboxylic acid also may be an aliphatic 
dicarboxylic acid having from 2 to 12 carbon atoms. Examples of other suitable polyesters include, but are not limited 
to, polybutylene-terephthalate (PBT), glycol -modified PET (PETG), 1 ,4-cyclohexylene dimethylene terephthalate/iso- 

ss phthalate copolymer and other linear homopolymer esters derived from aromatic dicarboxylic acids and glycols of the 
general formula HO(CH 2 ) ft OH where n is an integer from 2 to 10. Such aromatic dicarboxylic acids include isophthalic, 
bibenzoic, naphthalenedtcarboxylic including the 1,5-; 2,6-; and 2,7-naphthalenedicarboxylic acids; 4,4'-diphenylen- 
edicarboxylic acid; bis(p-carboxyphenyl) methane; ethylene-bis-p-benzoic acid; 1 ,4-tet ram ethylene bis(p-oxybenzoic) 
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acid; ethylene bis(p-oxybenzoic) acid; 1 ,3-trimethylene bis(p-oxybenzoic) acid; and 1 ,4-tetramethy!ene bis (p-oxyben- 
zoic) acid. Preferred glycols include ethylene glycol; 1,3-trimethylene glycol; 1,4-tetramethylene glycol; 1,6-hexame- 
thylene glycol; 1 ,8-octamethylene glycol; 1 ,1 0-decamethylene glycol; 2,2-dimethyl-1 ,3-propane diol; 1 ,3-propylene gly- 
col; 1,4-butylene glycol; neopentyl glycol and cyclohexane dimethanol. 

s Polyamides which are suitable for use as component A include branched or straight chain polyamides having a 

molecular weight of at least 5000, and commonly referred to as nylons, produced by condensation of equimolar amounts 
of a saturated dicarboxylic acid containing from 4 to 12 carbon atoms with a diamine, in which the diamine contains 
from 4 to 1 2 carbon atoms, or from polymers of amino acids containing from 4 to 1 2 carbon atoms. Examples of suitable 
polyamides include, but are not limited to, nylons such as polyhexamethylene hexanoamide (nylon 6,6), polyhexam- 

10 ethylene azelaamide (nylon 6,9), polyhexamethylene sebacamide (nylon 6,10), polyhexamethylene dodecanoamide 
(nylon 6,12), poly-11-amino-undecamoicacid (nylon 11), and poly-1 2-amino-dodecamoic nylon 12. Other polyamides 
that can be suitable include polyamide block copolymers such as those sold under the trade name "PEBAX" by Elf 
Atochem; polyamides including polyamides produced by the ring opening of lactams such as polycaprolactam (nylon 
6), polylauryl lactam (nylon 12), polyundecyl lactam (nylon 11), and bis(paraaminocyclohexyl) methane dodecanoam- 

is jde; and polyamides prepared by the copolymerization or terpolymerization of such polymers. The polyamides prefer- 
ably have a melting point in excess of 160°C. 

The second polymeric component, component B, is selected to be a softening polymer, preferably comprising 
about 10 to 40 percent by weight of the total balloon material composition, although blends of the balloon material 
comprising as little as 0 percent of component B and as much as 40 percent of the total blend composition may also 

20 be suitable. In a currently preferred embodiment, component B comprises a softening polymer component having a 
Shore hardness less than 75 D, and preferably less than 55 D, and preferably comprises one or more elastomeric 
ethylene copolymers selected from the group of ethylene copolymers comprising ethylene and at least one other mon- 
omer selected from the group of a, p-ethylenically unsaturated monomers, carbon monoxide (CO), sulfur dioxide (SC^). 
Component B most preferably comprises one or more elastomeric ethylene copolymers having the formula E'X' or 

25 E'XV, where E' is ethylene and comprises about 60 to 90 percent by weight of the ethylene copolymer, X" is acrylate 
or methacrylate monomer, comprising about 10 to 40 percent of the ethylene copolymer, and Y\ if present, is an a, fi- 
ethylenically unsaturated monocarboxylic acid, di-acid or anhydride comprising from 0 to about 15 percent by weight 
of the ethylene copolymer. Examples of Y' include but are not limited to acrylic acid, methacrylic acid, fumaric acid and 
maleic anhydride. Other polymeric materials that may be suitable for use as component B include, but are not limited 

30 to, polyetherimide esters such as those produced under the trade name "LOMOD" by General Electric; polyesters 
available from Dutch State Mines under the trade name "ARNITEL"; polyetheresters such as "HYTREL" produced by 
E.I. DuPont & Co.; and poly olefins having a density less than 0.93, including elastomeric ethylene-propylene copoly- 
mers, linear low density polyethylene (LLDPE), and linear low density polyethylene (LLDPE) containing maleic anhy- 
dride. 

35 The preferred ethylene copolymers which can be used as component B include, but are not limited to, ethylene/ 

butylacrylate/carbon monoxide (E/BA/CO), ethylene/methylacrylate (E/MA), ethylene/ethylacrylate (E/EA), ethylene/ 
butylacrylate (E/BA), ethylene/ vinylacetate (E/VA), ethylene/methacrylic acid (E/MAAor E/AA), ethylene/butylacrylate/ 
methacrylic acid (E/BA/MAA or E/BA/AA), ethylene/methylacrylate/methacrylic acid (E/MA/MAA or E/MA/AA), ethyl- 
ene/butylacrylate/maleic anhydride (E/BA/Manh), ethylene/ethylacrylate/maleic anhydride (E/EA/Manh) or ethylene/ 

^0 methylacrylate/maleic anhydride (E/MA/Manh). Where one of the a, |J-ethylenically unsaturated monomers is an acid- 
containing moiety, the polymer can be partially neutralized with an ion such as Na+, K+, Zn++, Mg++, Li+, Ca++, NH4+, 
or the like. The acid groups in the unsaturated mono-carboxylic acid are neutralized from 0 to 80 percent by at least 
one metal ion selected from this group of ions. 

In one preferred alternate embodiment, the second, softening polymeric component can be modified with a silane 

& coupling agent, such as vinyl silanes containing epoxide groups, by reacting the silane coupling agents with the sof- 
tening polymeric component in a reactive extrusion process, through the addition of a peroxide such as dicumyl per- 
oxide, available in polymerization agents containing dicumyl peroxide under the trademark "DI-CUP" from Aqualon 
Co. of Wilmington, Delaware. The resultant modified reactive softening copolymer will bond with the first strong poly- 
meric component when they are blended together. Other silicon containing vinyl monomers having functional groups 

50 such as amide, methoxy, epoxide, anhydride, and the like also can be reacted with the softening polymeric component 
by reactive extrusion with a peroxide such as dicumyl peroxide. The grafting of the vinyl silanes with the softening 
polymeric component can be carried out in conventional polymer processing equipment such as a single screw extruder, 
a twin screw extruder, a two roll mill, or a Henschel type of mixer, and the like. Catheters and balloons formed with the 
modified softening polymeric component according to the invention can be provided with enhanced flexibility, and 

ss advantageously can have reduced or eliminated requirements for the proportion of the third polymeric component, the 
compatibilizing agent, as such a modified softening polymeric component, such as a glycidyl or anhydride containing 
silicon vinyl monomer grafted acrylic ester polyolefin, can be at least in part be substituted for the third polymeric 
component, the compatibilizing agent. In one preferred alternate embodiment, when the silane coupling agent is uti- 
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lized, the amount of the compatibilizing agent used is reduced to 0. 

The third polymeric component, component C, is preferably an ethylene copolymer that functions as a compatibi- 
lizing agent, in that it forms a covalent bond with the first polymeric component, and can react with the Y 1 moiety of the 
second polymeric component when the Y' moiety is present, and blends compatibly with the second polymeric com- 

5 ponent. Component C preferably comprises from 0 to about 40 percent of the total blend composition, and more pref- 
erably from about 1 to about 20 percent of the total blend composition. Component C can have the formula E/X/Y or 
E/Y, where E is about 55 to 96 percent by weight, X, if present, is from 0 to about 40 percent by weight, and more 
preferably between 0 and about 10 percent by weight, and Y is about 0.5 to 10 percent, and most preferably about 4 
to 6 percent, by weight of the compatibilizing ethylene copolymer. In component C, E is ethylene; and X is an a, f> 

io ethylentcally unsaturated monomer derived from at least one of alkylacrylate, alkylmethacrylate, alkyl vinyl ether, carbon 
dioxide, sulfur dioxide, or mixtures thereof, where the alkyl groups contain 1-12 carbon atoms, such as vinyl acetate, 
methy lac ry late, butylacrylate, and methyl vinyl ether. More specifically, X can, for example, consist of a moiety derived 
from at least one alkyl acryiate, alkyl methacrylate, or mixtures thereof where the alkyl groups contain 1-8 carbon 
atoms. Y is an a, p-ethylenically unsaturated monomer containing a reactive group, such as epoxide, anhydride, . 

is isocyanate, or oxazoline, for example, that forms a covalent bond with said first polymeric component. In one preferred 
embodiment, Y is selected from the group consisting of glycidyl methacrylate and glycidyl acrytate, maleic anhydride, 
and isocyanato-ethylmethacrylate. 

The fourth component, component D, also optionally can be included in the blend composition to serve as a catalyst 
to initiate a reaction between the compatibilizing agent and the second, softening polymeric component. In one currently 

20 preferred embodiment, the fourth component can comprise an aliphatic tertiary amine, believed to be an active catalytic 
ingredient. One commercial material currently preferred for use as the fourth, or catalytic component, is available under 
the trade name "LOTADER XX1275" from Elf Atochem, and is believed to comprise approximately 6 percent aliphatic 
tertiary amine, with the remainder of the ingredients comprising 2 -propanoic acid, ethyl ester, ethylene, and 2,5-furan- 
dione. The aliphatic tertiary amine is believed to catalyze a reaction between moieties in the softening component and 

25 the compatibility component, such as between maleic anhydride (Mann) in the softening component, and glycidyl meth- 
acrylate (GMA) in the compatabilizing component, for example. Specific examples of aliphatic tertiary amines that may 
be suitable as the active catalytic ingredient in the catalytic component include, but are not limited to, benzyl dimethyl 
amine (BDMA), tri(dimethylamino methyl)phenol, boron trichloride amine complex, and boron trifluoride amine (BF 3 
amine). 

30 in one currently preferred embodiment, the first polymeric component of the balloon material blend comprises 
about 70 to 79 percent by weight PET as component A; about 10 to 20 percent by weight of the second polymeric, 
component B, comprising an ethylene copolymer having the formula E'X'Y', where E' is ethylene, and is about 65 to 
84 percent by weight of the ethylene copolymer; and X* is selected from the group of methylacrylate, ethy lac ry late, 
propylacrylate, and butylacrylate, and is about 15 to 30 percent by weight of the ethylene copolymer; and Y' is about 

35 1 to 5 percent maleic anhydride; and-about 4 to 1 5 percent by weight, of component C, which is an ethylene copolymer 
having the formula E/X/Y or E/Y, where E is ethylene, and is about 92 to 96 percent by weight of component C; X is 
from 0 to about 10 percent by weight and is selected from a moiety derived from at least one of alkyl acryiate, alkyl 
methacrylate, alkyl vinyl ether, carbon monoxide, sulfur dioxide, or mixtures thereof; and Y is selected from the group 
consisting of glycidyl methacrylate, glycidyl ethylacrylate, and glycidyl butylacrylate, and is about 4 to 8 percent by 

40 weight of component C. The second polymeric component, component B, most preferably is an elastomeric ethylene 
copolymer selected from the group consisting of ethylene/methylacrylate, ethy lene/ethy lac rylate, ethylene/butylacr- 
ylate, ethylene/methylacrylate/maleic anhydride, ethylene/ ethy lac rylate/maleic anhydride, and ethylene/ butylacrylate/ 
maleic anhydride. The third polymeric component, component C, most preferably is ethylene glycidyl acryiate or glycidyl 
methacrylate, or mixtures thereof. 

45 The blended polymeric material typically is peiletized, dried, and introduced into an extruder that typically can be 

set to extrude balloon dilatation catheter tubing having an inner diameter of about 0.46 to 0.51 millimeter (0.018 to 
0.020 inch) and an outer diameter of about 0.92 to 1 .02 millimeter (0.036 to 0.040 inch). An exemplary extruder typically 
has several temperature-controlled zones, including three zones in the barrel, and zones in the clamp and die of the 
extruder. The barrel and die temperatures of the extruder zones typically are set in zone 1 at about 187.8* to 207.2* 

so C (370° to 405° F), in zone 2 at about 221 .1 * to 251 T C (430° to 485° F), in zone 3 at 248.9° to 265.6* (480' to 51 0° 
F), and the clamp and die 1 and 2 at about 248.9 to 265.6° C (480° to 510° F), as is described further hereinafter in 
the examples, and depending upon the specific melt temperature and properties of the blended polymeric material 
being used. 

The balloon dilatation catheter tubing then can be further processed to form a balloon. While balloons can be f ree- 
55 blown, or manufactured by conventional methods such as those described in U.S. Patent 4,411,055, the dilatation 
catheter balloons of the invention currently preferably are formed in a mold such as is illustrated in Fig. 1 . The dilatation 
catheter tubing 10 is oriented in a blow molding apparatus 12, and is connected at one end to a source of pressurized 
gas 14. The other end of the tubing 16 which extends beyond the mold, can be clamped or otherwise sealed during 
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pressurization of the tubing. The tubing also can be affixed to a tensioning device. The tubing within the mold is then 
heated to a desired temperature below the crystalline melting point of the tubing, such as until the material deforms, 
for example. During heating, or optionally after heating, pressurized gas is applied to the tubing, and optionally tension 
is also applied to the tubing, until the balloon 18 is formed, filling the desired interior shape of the mold. The balloon 

5 and tubing are then cooled to room temperature. The balloon then is removed from the mold, and can be further 
processed to construct a dilatation catheter. 

In addition, in a preferred embodiment of the invention, the dilatation catheter tubing material employed in making 
the balloons and catheters described advantageously can be irradiated using ionizing radiation from an electron beam, 
gamma rays, ultraviolet light, or a molecular beam, to significantly alter the properties of the balloon material to provide 

10 improved balloon performance such as higher burst pressures. For example, where tubing formed of the balloon ma- 
terial was subjected to an electron beam of about 10 to 100 Mrads and energies of 100 to 20,000 kev, and balloons 
were formed using the previously described methods, higher balloon burst strengths and higher fatigue strengths were 
obtained from the balloon material. 

The catheters and balloons described provide balloon dilatation catheters with the ability to cross multiple lesions, 

is good track, cross, and folding, low compliance with rated burst pressures of about 1.01 to 1.52 bars (10 to 15 atm), 
and mean burst pressures of about 1 .32 to 2.03 bars (13 to 20 atm). Balloons made from the polymeric materials 
described also typically have a lower susceptibility to defects through mechanical handling than PET When exposed 
to ionizing radiation to toughen the balloon material, the fatigue and burst strengths are substantially increased, to give 
rated burst pressures of 1 .22 to 1.42 bars (12 to 14 atm) or greater, mean burst pressures of 1 .72 to 2.03 bars (17 to 

20 20 atm), and a compliance of about 0.001 mm/bar - 0.30 mm/bar (0.01 mm/atm to 0.03 mm/atm). 

Example 1 

A polymer blend containing 80 weight percent PET Traytuf 9506C manufactured by Shell, and 20 weight percent 

25 ethylene ethylacrylate (EE A) DPDA 6182 manufactured by Union Carbide, was produced by compounding in a twin 
screw extruder set for low shear conditions. The PET and EEA were mixed in a weight ratio of 80/20. The PET/EE A 
mixture was loaded into the hopper of the compounder. The barrel temperatures were set to 210° C (410° F) in zone 
1, 254.4° C (490° F) in zones 2 and 3, and 248.9° C (480° F) in zone four and at the head of the barrel, the screw 
speed was maintained at 150 RPM, and the material was pelletized. Balloon dilatation catheter tubing having an inner 

30 diameter of 0.46 millimeter (0.01 8 inch) and an outer diameter of 0.91 millimeter (0.036 inch) was extruded using the 
80/20 PET/EE A blend. The 80/20 PET/EE A blended material was dried. The barrel and die temperatures of the extruder 
were set, with zone 1 at 198.9" C (390° F), zone 2 at 248.9° C (480° F), zone 3 at 260° C (500° F), and the clamp, 
die 1 and die 2 at 265.6° C (510° F). The melt temperature of the blend was 301.1° C (574° F). Examination with a 
scanning electron microscope of a portion of the blend before extrusion into balloon tubing showed that the EEA formed 

35 spherical particles with a diameter greater than one micron, with poor interfacial adhesion within the PET matrix. A 
section of the extruded balloon tubing also was examined with a scanning electron microscope, showing that the EEA 
formed tubules in the extruded balloon tubing that pulled out of the PET matrix. When balloons were formed from the 
tubing without irradiation,. the balloons were found to have rupture strengths of about 1 .34 bars (about 1 94 psi or about 
13.2 atm). When subjected to 10 to 100 Mrads of irradiation, balloons lormed from the tubing were found to have 

40 increased rupture strengths to about 1 .72 bars (about 250 psi (about 17.0 atm). 

Example 2 

The blend of PET and EEA from Example 1 was compounded and blended with 2 percent of the total blend com- 
45 position by weight of a third component, E/EA/GMA, as a compatibilizer, available under the trade name "LOTADER 
AX8660" from Elf Atochem. Examination with a scanning electron microscope of a portion of the blend before extrusion 
into balloon tubing showed that the EEA formed a much better dispersion with better interfacial adhesion within the 
PET matrix, with little or no particle pull-out from the PET matrix. A section of the extruded balloon tubing made from 
the blend also was examined with a scanning electron microscope, showing that the EEA formed no tubules in the 
so extruded balloon tubing, and that the dispersed particles of EEA were well adhered to the PET matrix. The material 
had a burst pressure of about 0.34 bars (about 50 psi) higher than in Example 1 

Examples 3 through 10 

55 Balloon material blends also were formed using PET available as Traytuf 9506C from Shell, with a tensile strength 

of 48.3 bars (7000 psi) (non-oriented), and 69 to 82.8 bars (10000 to 12000 psi) (oriented), an elongation of 400 to 
500 percent (after yield), a flexural modulus of 3450 to 4140 bars (500,000 to 600,000 psi), and a melting point of 257 
°C. EEA available as DPDA 6182 from Union Carbide was used in Examples 3 through 5 and 8 through 10, with a 
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tensile strength of 15.9 bars (2300 psi), elongation of 670 percent, a flexural modulus of 44.2 bars (6400 psi), a melt 
index of 1 .5, a durometer of 91 A, a melting point of 85* C, a density of 0.93 and a Vicat Softening index of 64. EMAC 
available as TC130 from Exxon was used in Examples 6 and 7, with a tensile strength of 8.3 bars (1200 psi), an 
elongation of 1600 percent, a flexural modulus of 22.8 bars (3300 psi), a melt index of 20, a Durometer of 85A, a 

5 melting point of 79° C, a density of 0.94 and a Vicat Softening index of 50. Lotryl 24MA005 (EMA) from Elf Atochem 
was used as the softening component in Example 10, with a tensile strength of 20.1 bars (2910 psi), elongation of 700 
percent, a melt index of 0.5, a Durometer of 84A, a melting point of 70° C, and a Vicat Softening index of 43. LOTADER 
AX8660 (67 percent E, 25 percent EA, 8 percent GMA) from Elf Atochem was used as the compatibilizing agent in 
Examples 4 through 10, with a tensile strength of 3.51 bars (509 psi), an elongation of 700 percent, a melt index of 

10 6.0, a Durometer of 60A, a mefting point of 63° C, and a Vicat Softening index of 34. 

The blend compositions of Examples 3 through 10 are listed in Table I below, and were compounded under the 
compounding conditions noted in Table II and were extruded under the tubing extrusion conditions noted in Table III. 



TABLE I 
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Example 11 

In Example 1 1 , a blend composition was compounded according to the method of Example 1 . Catheter tubing was 
extruded with an inner diameter of 0.46 millimeter (0.01 B inch), and an outer diameter of 0.91 millimeter (0.036 inch) . 
5 The tubing was subjected to 25 Mrads of radiation. Balloons were formed with an inflated outer diameter of 2.88 mil- 
limeter (. 1 1 35 inch) and a doublewall thickness (DWT) of 0.034 millimeter (.001 35 inch) and had a mean burst pressure 
of 1 .7 bars (250 psi). 

Examples 12 through 13 

10 

In Examples 1 2 and 1 3, a blend composition was compounded according to the method of Example 2. In Example 
12, catheter tubing was extruded with an inner diameter of 0.51 millimeter (0.020 inch) and an outer diameter of 1 .02 
millimeter (0.040 inch). Tubing was subjected to 40 Mrads of irradiation. Dilatation balloons were formed with an outer 
diameter of 3.02 millimeter (0.119 inch), a DWT of 0.038 millimeter (0.0015 inch), and had a mean burst pressure of 
is 2 bars (285 psi (19.4 atm)). Tubing not subjected to irradiation was formed into a balloon with an outer diameter of 
3.04 millimeter (0. 1 1 95 inch), a DWT of 0.037 millimeter (0.00145 inch), and had a lower mean burst pressure of 1 .74 
bars (252 psi (17.1 atm)). 

Examples 14 through 15 

20 

In Examples 14 and 15, a polymer blend containing 90 weight percent PET Traytuf 9506C manufactured by Shell, 
and 1 0 weight percent of an ionomeric resin of ethylene and methacry lie acid, available under the tradename "SURLYN, 
" manufactured by DuPont, were blended. The materials were separately dried. Balloon tubing having an innerdiameter 
of 0.53 millimeter (.021 inch) and an outer diameter of 0.83 millimeter (.0325 inch) was extruded using this 90/10 blend. 
25 The barrel and die temperatures of the extruder were set with Zone 1 at 237.8° C (460° F), Zone 2 at 251 .7° C (485* 
F), Zone 3 at 260° (500° F), die 1 at 271.1° C (520° F), die 2 at 271.1° C (520° F). 

In Example 14, a balloon was formed and material had a mean burst pressure of 1.4 bars (207 psi (14.1 atm)). 

In Example 15, tubing was formed as in Example 13. The tubing was subjected to 20 Mrads of radiation. The 
balloons formed had a mean burst pressure of 1 .76 bars (255 psi (17.3 atm)). 

30 

Example 16 

A two-component polymer blend containing 80 weight percent PET, as in Example 1 above, and 20 weight percent 
ethylene/ethylacrylate/maleic anhydride (E/EA/Manh), available under the trade name "LOTADER 4700" from Elf Ato- 
35 chem, was compounded as above. The PET and E/EA/Manh were mixed in a weight ratio of 80/20, without any com- 
patibilizer, and formed into balloons. The balloons were tested, and found to have rupture strengths of about 1.17 bars 
(about 170 psi (11.6 atm)). 

Example 1 7 

40 

Another two-component polymer blend containing 80 weight percent PET, and 20 weight percent ethylene/glycidyl 
methacrylate (E/GMA), available as LOTADER AX8840 from Elf Atochem, was compounded as above. The PET and 
E/GMA were mixed in a weight ratio of 80/20, without any softening polymer component, and formed into balloons. 
Examination with a scanning electron microscope showed small particle sizes with cross-sectional dimensions of less 
45 than 1 micron. 

Example 18 

Another two component polymer blend containing 70 weight percent PET, and 30 weight percent ethylene/glycidyl 
50 methacrylate (E/GMA), available as LOTADER AX8840 from Elf Atochem, was compounded as above. The PET and 
were mixed in a weight ratio of 70/30, without any compatibilizer, and formed into balloons. Examination with a scanning 
electron microscope showed small particle sizes with cross-sectional dimensions of less than 1 micron. 

Example 19 

55 

A three-component polymer blend was compounded, of 80 weight percent PET, 18 weight percent ethylene/ethy- 
lacrylate/maleic anhydride (E/EA/Manh), available as LOTADER 4700f rom Etf Atochem, and 2 weight percent ethylene/ 
ethylacrylate/glycidyl methacrylate (E/EA/GMA), available as LOTADER AX8660 from Elf Atochem. 
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Example 20 

Another three-component polymer blend was compounded of 80 weight percent PET as in Example 1,18 weight 
percent ethylene/ethylacrylate/maleic anhydride (E/EA/Manh), available as LOTADER 4700 from Elf Atochem, and 2 
s weight percent ethylene/glycidyl methacrylate (E/GMA), available as LOTADER AX8840 from Elf Atochem. Balloons 
were formed from the blend, tested, and found to have rupture strengths of about 1 .08 bars (about 1 56 psi (10.3 atm)). 

Example 21 

to Another three-component pofymer blend was compounded, of 78 weight percent PET, 1 5 weight percent ethylene/ 

ethylacrylate/maleic anhydride (E/EA/Manh), available as LOTADER 4700 from Elf Atochem, and 7 weight percent 
ethylene/glycidyl methacrylate (E/GMA), available as LOTADER AX8840 from Elf Atochem, and formed into balloons. 

Example 22 

75 

A four-component polymer blend was compounded of 80 weight percent PET as in Example 1 , 14 weight percent 
ethylene/ethylacrylate/maleic anhydride (E/EA/Manh), available as LOTADER 4700 from Elf Atochem. 4 weight percent 
ethylene/glycidyl methacrylate (E/GMA), available as LOTADER AX8840 from Elf Atochem, and 2 weight percent of 
a fourth component containing a catafyst, available as LOTADER XX1275 from Erf Atochem. Un-irradiated balloons 

so were formed from the blend, tested, and found to have rupture strengths of about 1 .6 bars (about 228 psi or 1 5.5 atm). 
Tubing was subjected to 30 Mrads of irradiation, and the balloons were formed using the following balloon forming 
parameters: the temperature of the balloon blowing apparatus was set to about 137.8* C (280° F) to 148.9" C (300* 
F); a pressure of about 0.93 to 1 .2 bars (1 35 to 175 psi); and a tension of about 25 to 100 grams. The balloons were 
found to have rupture strengths of about 1.9 bars (about 277 psi or 18.8 atm)). Micrographs of the balloon material 

25 showed that the blend exhibited small particle sizes, generally smaller than about 2 microns. 

Example 23 

Another four-component polymer blend was compounded, of 80 weight percent PET, 14 weight percent ethylene/ 
30 ethylacrylate/maleic anhydride (E/EA/Manh), available as LOTADER 4700 from Elf Atochem, 4 weight percent ethyl- 
ene/ethylacrylate/glycidyl methacrylate (E/EA/GMA), available as LOTADER AX8660 from Elf Atochem, and 2 weight 
percent .of a fourth component containing a catalyst, available as LOTADER XX1275 from Elf Atochem. 

Example 24 

3$ 

Another four-component polymer blend was compounded, of 80 weight percent PET, 16 weight percent ethylene/ 
ethylacrylate/maleic anhydride (E/EA/Manh), available as LOTADER 4700 from Elf Atochem, 2 weight percent ethyl- 
ene/ethylacrylate/ glycidyl methacrylate (E/EA/GMA), available as LOTADER AX8660 from Elf Atochem, and 2 weight 
percent of a fourth component containing a catalyst, available as LOTADER XX1275 from Elf Atochem. 

40 

Example 25 

Another four-component polymer blend was compounded, of 80 weight percent PET 10 weight percent ethylene/ 
ethylacrylate/maleic anhydride (E/EA/Manh), available as LOTADER 4700 from Elf Atochem, 8 weight percent ethyl- 
45 ene/glycidyl methacrylate (E/GMA), available as LOTADER AX8840 from Elf Atochem, and 2.0 weight percent of a 
fourth component containing a catalyst, available as LOTADER XX1275 from Erf Atochem. Balloons formed from the 
tubing without irradiation were found to have rupture strengths of about 1.7 bars (250 psi (about 17.0 atm)). When 
subjected to 10 to 100 Mrads of irradiation, balloons formed from the tubing were found to have increased rupture 
strengths of about 1 .95 bars (about 282 psi or 19.2 atm). 

so 

Example 26 

Another four-component polymer blend was compounded, of 78 weight percent PET, 8 weight percent ethylene/ 
ethylacrylate/maleic anhydride (E/EA/Manh), available as LOTADER 4700 from Elf Atochem, 12 weight percent eth- 
55 y I ene/glycidyl methacrylate (E/GMA), available as LOTADER AX8840 from Elf Atochem, and 2.0 weight percent of a 
fourth component containing a catalyst, available as LOTADER XX1 275 from Erf Atochem. Balloons formed from tubing 
made from this blend, without irradiation, were found to have rupture pressures of approximately 2 bars (287 psi (1 9.5 
atm)). 
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Example 27 

Another four-component polymer blend was compounded, of 78 weight percent PET, 12 weight percent ethylene/ 
ethylacrylate/maleic anhydride (E/EA/Manh), available as LOTADER 4700 from Elf Atochem, 8 weight percent ethyl- 

5 ene/glycidyl methacrylate (E/GMA), available as LOTADER AX8B40 from Elf Atochem, and 2.0 weight percent of a 
fourth component containing a catalyst, available as LOTADER XX1275 from Elf Atochem. Balloons formed from the 
tubing without irradiation were found to have rupture strengths of about 1.8 bars (about 255 psi or 17.3 atm). When 
subjected to 10 to 100 Mrads of irradiation, balloons formed from the tubing were found to have increased rupture 
strengths of about 2 bars (about 291 psi or 19.8 atm). 

10 Fig. 2, showing a chart of the mean balloon rupture pressure (bars) (atm) of un-irradiated and irradiated balloons 

from Examples 1, 22, 25 and 27, illustrates the general improvement in rupture strengths of balloons made and irra- 
diated as described over un-irradiated balloons, amounting to an average improvement of rupture strength due to 
irradiation of approximately 0.3 bars (3 atm). Given that the dominant phase is relatively unaffected by radiation, such 
improvements in rupture strengths were surprising and unexpected. 

is it will be apparent from the foregoing that while particular forms of the invention have been illustrated and described, 

various modifications can be made without departing from the scope of the invention. Accordingly, it is not intended 
that the invention be limited, except as by the appended claims. 



20 Claims 

1. A catheter member formed from a polymeric material, comprising: 

about 60 to 95 percent by weight of the total polymeric material composition of a first polymeric component 
25 selected from the group consisting of polyesters and polyamides, said polyesters being prepared from the 

group of dicarboxylic acids selected from aromatic dicarboxylic acids having from 8 to 14 carbon atoms and 
aliphatic dicarboxylic acids having from 2 to 12 carbon atoms, and mixtures thereof, and at least one glycol 
selected from the group consisting of glycols having the formula HO(CH 2 ) n OH, where n is an integer from 2 
to 10, neopentyl glycol and cyclohexane dimethanol, and mixtures thereof, and said polyamides being 
30 branched or straight chain polyamides having a molecular weight of at least 5000, and mixtures thereof; 

from 0 to about 40 percent by weight of the total polymeric material composition of a second polymer compo- 
nent having a Shore hardness less than 75 D, selected from the group consisting of polyolefins having a 
density less than 0.93, and ethylene copolymers, and mixtures thereof; and 

from 0 to about 40 percent by weight of the total polymeric material composition of a compatibilizing ethylene 
35 copolymer selected from the group of ethylene copolymers having the formula E/X/Y or E/Y, where 

E is ethylene, 

X is an a, p^ethylenically unsaturated monomer derived from at least one of alkylacrylate, alkylmethacrylate, 
alkyl vinyl ether, carbon monoxide, sulfur dioxide, where the alkyl groups contain 1 to 12 carbon atoms, and 
mixtures thereof, and 

40 Y is an a, p-ethylentcally unsaturated monomer containing a reactive group that forms a covalent bond with 

said first polymeric component, wherein the sum of all the polymeric components is 1 00 weight percent. 

2. A dilatation catheter balloon formed from a polymeric material comprising: 

45 about 60 to 95 percent by weight of the total polymeric material composition of a first polymeric component 

selected from the group consisting of polyesters, said polyesters being prepared from the group of dicarboxylic 
acids selected from aromatic dicarboxylic acids having from 8 to 14 carbon atoms and aliphatic dicarboxylic 
acids having from 2 to 12 carbon atoms, and mixtures thereof, and at least one glycol selected from the group 
consisting of glycols having the formula HO(CH 2 ) n OH, where n is an integer from 2 to 10, neopentyl glycol 

so and cyclohexane dimethanol, and mixtures thereof; 

from 0 to about 40 percent by weight of the total polymeric material composition of a second polymer compo- 
nent having a Shore hardness less than 75 D, selected from the group consisting of polyolefins having a 
density less than 0.93, and ethylene copolymers, and mixtures thereof; and 

from 0 to about 40 percent by weight of the total polymeric material composition of a compatibilizing ethylene 
55 copolymer selected from the group of ethylene copolymers having the formula E/X/Y or E/Y, where 

E is ethylene, 

X is an a, |J-ethylenically unsaturated monomer derived from at least one of al ky lac ry late, alkylmethacrylate, 
alkyl vinyl ether, carbon monoxide, sulfur dioxide, or mixtures thereof, where the alkyl groups contain 1 to 12 
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carbon atoms, and 

Y is an a, p-ethylenically unsaturated monomer containing a reactive group that forms a covalent bond with 
said first polymeric component, and mixtures thereof, wherein the sum of all the polymeric components is 100 
weight percent. 

3. The member or balloon of claim 1 or claim 2, wherein said first polymeric component comprises about 60 to 79 
percent of the total polymeric material composition, and is selected from the group consisting of polyethylene- 
terephthalate, polybutylene-terephthalate, glycol modified polyethylene-terephthalate, 1 ,4-cyctohexylene dimeth- 
ylene terephthalate/isophthalate copolymer, linear homopolymer esters derived from aromatic dicarboxylic acids 
and glycols of the general formula HO(CH 2 ) n OH where n is an integer from 2 to 10, and mixtures thereof. 

4. The member or balloon of claim 1 or claim 2, wherein said first polymeric component is a polyester with glycol 
segments selected from the group consisting of ethylene glycol; 1 ,3-trim ethylene glycol; 1 ,4-tetramethylene glycol; 
1,6-hexamethylene glycol; 1 ,8-octamethylene glycol; 1,10-decamethylene glycol; 2,2-dimethyl-1,3-propane diol; 
1,3-propylene glycol; 1 ,4-butylene glycol; neopentyl glycol and cyclohexane dimethanol, and mixtures thereof. 

5. The member or balloon of claim 1 or claim 2, wherein said second polymeric component is a softening ethylene 
copolymer comprising about 10 to 40 percent by weight of the total polymeric material composition, and said, 
softening ethylene copolymer contains ethylene and at least one other monomer selected from the group consisting 
of a, p-ethylenically unsaturated monomers, carbon monoxide, and sulfur dioxide, and mixtures thereof. 

6. The member or balloon of claim 1 or claim 2, wherein said second polymeric component is a softening ethylene 
copolymer comprising about 1 0 to 20 percent by weight of the total polymeric material composition, and the ethylene 
copolymer has the formula E'X 1 or E'X'Y', where E' is ethylene, and is about 60 to 90 percent by weight of the 
ethylene copolymer, and where X* is about 1 0 to 40 percent by weight of the ethylene copolymer, and X 1 is selected 
from the group consisting of methylacrylate, ethylacrylate, propylacrylate, butylacrylate, and mixtures thereof, and 
Y\ if present, is selected from the group consisting of a, p-ethylenically unsaturated monocarboxylic acids, a, p- 
ethylenically unsaturated dicarboxylic acids, and anhydrides, and mixtures thereof, comprising from 0 to about 15 
percent by weight of the ethylene copolymer. 

7. The member or balloon of claim 6. wherein E' is about 65 to 84 percent by weight of the ethylene copolymer, X' is 
about 1 5 to 30 percent by weight of the ethylene copolymer, and Y* is maleic anhydride and is about 1 to 5 percent 
of the ethylene copolymer. 

8. The member or balloon of claim 1 or claim 2, wherein said second polymeric component is a softening ethylene 
copolymer comprising about 1 0 to 40 percent by weight of the total polymeric material composition, and the ethylene 
copolymer is selected from the group consisting of 

ethylene/butylacry late/carbon monoxide, 
ethylen e/methy lac ry late, ethylene/ethylacrylate, 
ethylene/butylacry late, ethylene/vinylacetate, 
ethylene/methacrylic acid, 
ethylene/butylacrylate/methacrylic acid, 
ethylen e/methy lac rylate/methacrylic acid, 
ethylene/methylacrylate/maleic anhydride, 
ethylene/ethylacrylate/mafeic anhydride, and 
ethylene/butylacrylate/maleic anhydride, and mixtures thereof. 

9. The member or balloon of claim 5, wherein one of the a, p-ethylenically unsaturated monomers is an acid containing 
moiety, and the polymer is partially neutralized with an ion selected from the group of sodium, potassium, zinc, 
magnesium, lithium, calcium, and ammonium, and mixtures thereof. 

10. The member or balloon of claim 1 or claim 2, wherein said second polymeric component is a poiyolefin selected 
from the group consisting of elastomeric ethylene-propylene copolymers, linear low density polyethylene, and 
linear low density polyethylene containing maleic anhydride, and mixtures thereof. 

11. The member or balloon of claim 1 or claim 2, wherein the said first polymeric component comprises about 70 to 
79 percent of the total polymeric material composition, and said second polymeric component is a softening eth- 
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ylene copolymer comprising about 10 to 20 percent by weight of the total polymeric material composition. 

12. The member or balloon of claim 1 or claim 2, wherein said compatibilizing ethylene copolymer comprises from 
about 1 percent to about 20 percent of the total polymeric material composition. 

13. The member or balloon of claim 1 or claim 2, wherein said compatibilizing ethylene copolymer comprises from 
about 4 percent to about 15 percent of the total polymeric material composition. 

14. The member or balloon of claim 1 or claim 2, wherein X is a moiety derived from at least one of alkyl acrylate, alkyl 
methacrylate, alkyl vinyl ether, carbon monoxide, sulfur dioxide, or mixtures thereof. 

15. The member or balloon of claim 1 or claim 2, wherein Y is an a, p-ethylenically unsaturated monomer containing 
a reactive group selected from the group consisting of epoxide, anhydride, isocyanate, or oxazoline, and mixtures 
thereof. 

16. The member or balloon of Claim 1 or claim 2, wherein X is selected from the group consisting of vinyl acetate, 
methylacrylate, ethylacrylate, butylacrylate, and methyl vinyl ether, and mixtures thereof. 

17. The member of claim 1 or claim 2, wherein Y is selected from the group consisting of glycidyl methacrylates glycidyl 
acrylate, maleic anhydride, and isocyanato-ethylmethacrylate, and mixtures thereof. 

18. The member or balloon of claim 1 or claim 2, wherein X is a moiety derived from at least one alkyl acrylate, alkyl 
methacrylate, or mixtures thereof, where the alkyl groups contain 1 to 8 carbon atoms. 

19. The member or balloon of Claim 1 or claim 2, wherein Y is selected from the group consisting of glycidyl acrylate, 
glycidyl methacrylate, and epoxide containing copolymerizable monomers, and mixtures thereof. 

20. The member or balloon of claim 5, wherein the a, fJ-ethylenicaily unsaturated monomer comprises an unsaturated 
monocarboxylic acid containing an acid moiety, and the acid moiety in the unsaturated monocarboxylic acid is 
neutralized at least partially by at least one metal ion selected from the group consisting of sodium, zinc, magne- 
sium, calcium, potassium, and lithium, and mixtures thereof. 

21. The member or balloon of claim 1 or claim 2, wherein E is ethylene, and is 55 to 96 percent by weight of the 
compatibilizing ethylene copolymer; X is selected from the group of methylacrylate, ethylacrylate and butylacrylate, 
and mixtures thereof, and is 0 to about 40 percent by weight of the compatibilizing ethylene copolymer; and Y is 
selected from the group consisting of glycidyl acrylate and glycidyl methacrylate, and mixtures thereof, and is about 
0.5 to 10 percent by weight of the compatibilizing ethylene copolymer. 

22. The member or balloon of claim 21, wherein X is from 0 to about 10 percent by weight of the compatibilizing 
ethylene copolymer. 

23. The member or balloon of claim 21 , wherein E is about 92 to 96 percent by weight of the compatibilizing ethylene 
copolymer, X is 0 to 1 0 percent, and Y is about 4 to 8 percent by weight of the compatibilizing ethylene copolymer. 

24. The member or balloon of claim 1 or claim 2, wherein said polymeric material forming said member or balloon is 
irradiated. 

25. The member or balloon of claim 24, wherein said polymeric material is irradiated using ionizing radiation generated 
by any of an electron beam, gamma rays, ultraviolet light, or a molecular beam. 

26. The member or balloon of claim 24, wherein said polymeric material is irradiated by an electron beam in the range 
of about 10 to 100 Mrads. 

27. The member or balloon of claim 1 or claim 2, wherein said first polymeric component is at least one polyamide 
selected from the group consisting of polyamides produced by condensation of equimolar amounts of a saturated 
dicarboxylic acid containing from 4 to 1 2 carbon atoms with a diamine, in which the diamine contains from 4 to 12 
carbon atoms, polyamides made from polymers of amino acids containing from 4 to 12 carbon atoms, polyamide 
block copolymers, polyamides that can be produced by the ring opening of lactams, and copolymers or terpolymers 
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thereof. 

28. The member or balloon of claim 1 or claim 2, wherein said first polymeric component is at least one polyamide 
selected from the group consisting of nylon 6, nylon 11, nylon 12, nylon 6,12; nylon 6,9; nylon 6,10; bis{paraami- 
nocyclohexyl) methane dodecanoamide; and copolymers or terpolymers thereof. 

29. The member or balloon of claim 28, wherein said polyamide has a melting point in excess of 160° C. 

30. The member or balloon of claim 1 or claim 2, wherein said polymeric material further includes a catalyst to catalyze 
a reaction between the compatibilizing ethylene copolymer and the second polymer component. 

31. The member or balloon of claim 30, wherein the catalyst comprises an aliphatic tertiary amine. 

32. The member or balloon of claim 1 or claim 2, wherein said second polymeric component includes a vinyl silane 
coupling agent containing a functional group selected from the group consisting of amide, methoxy, epoxide, and 
anhydride, and combinations thereof, whereby said second polymeric component forms a bond with said first 
strong polymeric component. 

33. The member or balloon of claim 32, wherein the amount of said compatibilizing ethylene copolymer in said poly- 
meric material is 0. 
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also can include a third compatibilizing agent to facilitate 
blending the first two polymeric components together. 
The first polymeric component can be a polyester or a 
polyamide, and the second polymeric component can 
be a polyolefin, or an ethylene copolymer. The third pol- 
ymeric component preferably is an ethylene copolymer 
containing reactive group that forms a covalent bond 
with the first polymeric component. The polymeric ma- 



terial forming the balloon or catheter also can include a 
catalyst to catalyze a reaction between the compatibi- 
lizing ethylene copolymer and the second polymer com- 
ponent. The second, softening polymeric component al* 
so can include a silane coupling agent, to provide a re- 
active softening copolymer that bonds with the first 
strong polymeric component, to provide increased flex- 
ibility of catheters and balloons formed from the poly- 
meric components. The Properties of the balloon and 
catheter formed from the polymeric material can be en- 
hanced by cross-linking by irradiation of the polymeric 
material. 
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